Introduction {#sec0005}
============

Proximal femoral epiphyseal slippage is a disease that mainly affects the hypertrophic zone of the growth plate cartilage. It affects the prepubescent and pubescent population at an incidence of 0.2--10 in every 100,000 adolescents. It occurs more frequently in boys and its commonest clinical manifestation is pain in the inguinal region and/or knee, associated with limitation of the flexion and internal rotation movements of the hip.[@bib0100], [@bib0105]

Involvement of the contralateral side (bilaterality) is observed in 20--40% of the patients, and in 90% of the cases, further slippage occurs within 12--18 months after the initial manifestation.[@bib0110], [@bib0115]

The true etiology of this illness remains unknown, although geographical, racial and seasonal epidemiological data suggest that environmental and genetic factors may influence its development.[@bib0105], [@bib0120] Important characteristics such as an accelerated growth spurt, obesity and hormonal disorders have been recognized as risk factors.[@bib0125], [@bib0130], [@bib0135], [@bib0140]

The relatively high risk of developing contralateral slippage has led many authors to recommend prophylactic fixation of the hip, even if there are no symptoms, in an attempt to preserve its anatomy.[@bib0145]

However, routine prophylactic fixation subjects a large number of patients to unnecessary surgery, given that 60--75% of the individuals who present unilateral slippage will never develop this pathological condition contralaterally.[@bib0150], [@bib0155] Moreover, prophylactic surgery may predispose toward certain complications, such as: infection, implant breakage, avascular necrosis, chondrolysis or subtrochanteric fracturing of the femur.[@bib0160], [@bib0165]

The objective of the present study was to retrospectively evaluate the applicability of the modified Oxford score for predicting occurrences of contralateral slippage in patients with unilateral proximal femoral epiphyseal slippage.

Materials and methods {#sec0010}
=====================

This was an observational cross-sectional retrospective study in which the medical records and radiographs of all patients with a diagnosis of unilateral proximal femoral epiphyseal slippage who were attended and treated by the pediatric orthopedics group of our institution between January 2008 and December 2011 were reviewed. From this review, 31 patients were selected and, among these, those who presented proven metabolic or endocrine disease, Down syndrome or bilateral proximal femoral epiphyseal slippage at the time when they were first seen, and those with follow-ups shorter than 24 months, were excluded. In this manner, 15 patients presenting the inclusion criteria of unilateral proximal femoral epiphyseal slippage and at least two years of follow-up were finally selected.

All the radiographs were evaluated using the modified Oxford score as described by Stasikelis et al.[@bib0170] ([Fig. 1](#fig0005){ref-type="fig"} and [Table 1](#tbl0005){ref-type="table"}). This method analyzes three consecutive stages of maturation for five of the characteristics described in the original Oxford method: the ilium, triradiate cartilage, femoral epiphysis, greater trochanter and lesser trochanter. The total score is determined from summing the scores of each item, and it can range from 16 to 26.

This study was approved by the research ethics committee under the number 13090913.9.0000.0020.

Results {#sec0015}
=======

Among the 15 patients with unilateral proximal femoral epiphyseal slippage who were initially selected, five (33.3%) evolved to contralateral slippage. Nine patients (60%) were male and six (40%) were female. Among the five who developed contralateral proximal femoral epiphyseal slippage, four (80%) were male and one (20%) was female, which was not statistically significant.

To analyze the results from the modified Oxford score as a predictive factor for contralateral proximal femoral epiphyseal slippage, we divided the patients into two groups (with and without risk). Patients at risk were considered to be those with total scores of 16, 17 or 18. This was because Popejoy et al.[@bib0175] demonstrated that for these scores, the positive predictive value for developing contralateral proximal femoral epiphyseal slippage was 96% and the negative predictive value was 92% ([Table 2](#tbl0010){ref-type="table"}).

Four patients were in the group at risk and three of them developed contralateral slippage. There were 11 patients in the group that was not at risk, and two of them evolved to contralateral slippage. From Fisher\'s exact test, a tendency for patients who developed the disease to differ from those who did not develop it was noted in relation to the risk score (*p* = 0.077).

In the statistical analysis, the results obtained were described in terms of means, minimum values, maximum values and standard deviations (quantitative variables) or in terms of frequencies and percentages (qualitative variables). To evaluate the associations between the dichotomous categorical variables and the risk assessed using the Oxford score, Fisher\'s exact text was used. To make comparisons between the groups in relation to age, the non-parametric Mann--Whitney test was used. *p* values \<0.05 indicated statistical significance. The data were analyzed using the SPSS v.20.0^®^ computer software.

Discussion {#sec0020}
==========

Prophylactic surgical treatment for contralateral proximal femoral epiphyseal slippage at the time when slippage is first presented is a matter of controversy. Hägglund[@bib0180] demonstrated that the risk of arthrosis in the contralateral hip could be reduced through prophylactic fixation. Thus, they suggested that all patients with unilateral proximal femoral epiphyseal slippage should receive prophylactic treatment for the contralateral hip, given the high incidence of future contralateral slippage and the low complication rate.

Although this procedure is relatively simple and has low morbidity, it has inherent complications, like any surgical procedure. Therefore, it is essential to evaluate the risks and benefits. A variety of factors seem to have an influence on the likelihood that contralateral proximal femoral epiphyseal slippage might develop. These include the following: sex, age, obesity, ethnicity and the contralateral growth plate angle. Although there is an association with etiology, these factors cannot be considered to be predictors of contralateral slippage.[@bib0185] The classical indications for this procedure relate to age (for boys, less than 12.5 years; and for girls, less than 10.5 years) and/or proven concomitant endocrine disorders.[@bib0190] In our study, a mean age of 10.5 years for prophylactic fixation was also observed.

In this light, it becomes important to seek an effective method for ensuring that indications for prophylactic fixation of a hip are safer and more reliable. Because of the simplicity and accessibility of the modified Oxford score for assessing bone maturity, this method is becoming ever more commonly used. The radiographs needed for applying it are the same ones used in the initial evaluation and in following up patients with proximal femoral epiphyseal slippage.

Stasikelis et al.,[@bib0170] in a study on 50 patients, was the first to demonstrate that there is a linear distribution between the modified Oxford score and the risk that contralateral proximal femoral epiphyseal slippage might develop. However, because of their small number of patients, the clinical decision favoring prophylactic treatment did not have any impact.

Popejoy et al.[@bib0175] evaluated 260 patients with proximal femoral epiphyseal slippage and found that 64 subsequently developed contralateral slippage. By following the same model of linear distribution, they demonstrated that the patients with modified Oxford scores of 16, 17 or 18 had a 96% probability of developing contralateral slippage. In our study, out of the five patients who presented contralateral proximal femoral epiphyseal slippage, two were not in the group at risk.

We had a total of five patients (33%) with contralateral proximal femoral epiphyseal slippage, which corroborates the current literature. Loder[@bib0110] and Hurley et al.[@bib0115] had previously demonstrated values close to this in their study (20--40%).

In our study, the left side was more affected (80%). In the literature too, the left side is more affected, in a ratio of 3:2, as demonstrated by Loder[@bib0110] in a multicenter study published in 1996.

Conclusion {#sec0025}
==========

In our sample, application of the modified Oxford score did not show statistical significance. However, we could infer that there was a strong tendency for hips with low scores to evolve toward contralateral slippage. Thus, this score is a further tool that might aid in making the decision on whether to use prophylactic fixation.
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###### 

Modified Oxford score among the patients.

       Sex   Age   Initial side   Secondary side   [I]{.smallcaps}   TC   FE   GT   LT   Total
  ---- ----- ----- -------------- ---------------- ----------------- ---- ---- ---- ---- -------
  1    M     10    L              R                3                 1    5    5    3    17
  2    M     10    L              R                3                 1    5    5    4    18
  3    M     11    L              R                3                 1    6    5    4    19
  4    M     14    R              L                3                 1    6    6    4    20
  5    F     11    L              R                3                 1    5    5    4    18
  6    F     11    L                               3                 1    6    4    4    18
  7    M     14    L                               5                 2    7    5    4    23
  8    M     14    L                               5                 3    6    5    4    23
  9    F     11    L                               4                 2    7    5    4    22
  10   M     13    L                               5                 6    6    5    4    26
  11   F     13    R                               4                 3    7    5    4    23
  12   M     15    R                               5                 3    6    5    4    23
  13   M     11    L                               3                 1    6    6    3    19
  14   F     13    L                               5                 3    7    6    5    26
  15   F     12    L                               3                 2    6    5    4    20

[I]{.smallcaps}, ilium; TC, triradiate cartilage; FE, femoral epiphysis; GT, greater trochanter; LT, lesser trochanter.

###### 

Likelihood that proximal femoral epiphyseal slippage might develop, based on the modified Oxford score and using a linear regression model.

  Modified Oxford score   Likelihood of contralateral proximal femoral epiphyseal slippage (%)
  ----------------------- ----------------------------------------------------------------------
  16                      100
  17                      97
  18                      85
  19                      44
  20                      5
  21                      1
  22                      1
  23                      0
  24                      0
  25                      0
  26                      0

Source

: Popejoy D, Emara K, Birch J. Prediction of contralateral slipped capital femoral epiphysis using the modified Oxford bone age score. J Pediatr Orthop. 2012;32(3):290--4.
